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EQUILIBRIUMAND KINETIC STUDIES OF SYSTEMS OF HYDROGEN
ISOTOPES, LITHIUM HYDRIDES, ALUMINUM, AND LiAIOz

J. HardingOwen, DuncanRandall

SavannahRiver Laboratory
E. 1. du Pent de Nemours and Co.,

Aiken, South Carolina 29801

react;on
Tritiummightbe bred by the 6Li(n,a)TAina solid lithiumal10Y 01’ compoundin the
blanketof a controlledthermonuclearreactorto avoidproblemsassociatedwith.
molten lithiumor lithiumcompounds. Li-Al and LiAIO~ systemscentaininghydrogen,
deuterium,or tritiumwere studied10-15years ago at the SavannahRiver Laboratory.
This paper describesmeasurementsof (1) the distributionof tritiumand helium
throughoutboth a and B phases of irradiatedLi-Al alloy, (2) the migrationrate of ,
tritiumto the B phase duringmoderateheating,(3) equilibriumpressuresas furm-
tionsof temperatureof HZ, DZ, or TZ in contactwith lithiumhydrides+ aluminum,
Li-AlalIoy,or irradiatedLi-Alalloy, (4) the equilibriumconstantfor the re-
actionLiH + Al + LiAl + 1/2 Hz as a functionof temperature,and (5) extraction
ratesof tritiumfrom irradiatedLiA102targetsat elevatedtemperatures.
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~QUILIBRSUM AND KINETIC STUDIES OF SYSTEMS OF HYDROGEN
ISOTOPES, LITHIUM HYDRIDES, ALUMINUM, AND LiA102

- J. HardingOwen, Duncan Randal1

INTRODUCTION

Tritiummight be bred by the 6Li(n,a)T reactionin a solid lithium

alloyor compoundin the blanketof a controlledthermonuclearreactor

(CTR)to avoidproblemsassociatedwith the use of molten.lithiumor a

molten 1ithiumcompound. Lithium-aluminumand lithiumaluminatesystems

containinghydrogen,deuterium,or tritiumwere studied10 to 15 years

ago at the SavannahRiver J.aboratory(SRL).* Althoughthese systemscon-

tainedhigher concentrationsof hydrogenisotopesCl to 80 cm3 per cm3 of

alloy)than wouldbe expectedin a low-inventoryblanket,1 the data are

applicableto CTR-orientedresearch.

Measurementsat SRL have included:

1. Distributionof tritiumand heliumbetweenthe

alpha and beta phasesof irradiatedLi-Al alloy.

2. Kineticsof tritiummigrationin the alloy.

3. Equilibriumconditionsfor the reactionbetween

aluminumand LiH, LiD, or LiT.

4. Extractionrates of tritiumfrom irradiatedLiAIOz.

DISTRIBUTIONOF TRITIUMAND HELIUM IN Li-AlALLOY

In the 1.2, 3.2, and 7.4 wt % Li alloysof lithiumand aluminumstudied

at SRL, an intermetalliccompound,LiA1, is dispersedas a separate@ phase

* Work done by L. H. Meyer,M. 0. Fulda,D. h’.Tharin,Jr., and A. k. Kishbaugh.
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a dilutesolid solutionof Li in Al, the a phase. Figure1 showsthat

irradiationtemperaturesof ~lOO°C, the volubilityof Li in Al is low,

that practicallyal1 of the Li is in the B phase. But becausethe recoil

rangeof tritons (*45x 10-4 cm in the i3phase,~30 x 10-” cm in the o-phase)

is large comparedto the size of the i3-phaseparticles(radius‘M.S x 10-+ cm)

and the distancebetweenthe particles(w5x 10-” cm), the newly formed

tritiumis distributedthroughoutboth o.and B phases,dependingin part on

the relativevolume of the !3phase (24%for 3.5 wt % Li alloy,47% for 7.4

wt % alloy). On the otherhand,heliumremainspredominantlyin the c&phase

near B-phaseparticles;becausethe heliumrecoilrange is aboutequalto

the averagedistancebetweenthe particles.

Moderateheat treatment(150°to 375”C)promotesmigrationof both

tritiumand helium. Tritiumis concentratedin the 13phase,which acts as a

sink for tritiumbecauseof the reaction

LiAl + T + LiT + Al.

Heliumtends to collectin gas pocketsin the u phase, in

to the B-phaseparticleswheremost of it was formed.

Distributionof tritiumand helium,before and after

closeproximity

heat treatment,

was determinedby sequentialdissolutionof smallchipsof alloymachined

from an irradiatedslug. About 15 to 20 mg were first exposedto.methanoI

for ml rein,whichdissolvedmuch of the 6 phase:

2LiAl + 2 CH30H+ 2 LiOCH3+ 2A1 + Hz

LiT + CH30H+ LiOCHS+ HT

I
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Both gas and liquidphases were analyzedfor tritium,then the liquidwss

evaporatedand the residueanalyzedfor lithiumand aluminm. The undissolved ~
I

residuefrom the methanoltreatment(mostlythe aluminum-richg phase)was thefi i

totallydissolvedin 6N HC1, and both gas and liquidphaseswere analyzed.

Table I summarizesresuItsof 13 separatetests.

tie higher densityof the altiinim-richa phase,comparedto the lithium-

rich f3phase,hindersdiffusionof tritons. Therefore,as thesedissolutiontests

show,the a phase of the 7.4 wt % Li alloy initiallycontainsmore tritium (Z81%

of the total)thanwouldbe expectedon the basisof its volumefractionin the

alloy (S3%). Afterheat treatment,however,most of the tritiumis containedin the

B phase.i
These tests demonstratethat the helium contentof the a phase, iniiiall.y

70% to 90% of the total,is also diminishedby heat treatment. The helium

data are Iess reliablethan the tritiumdata, becauselargecorrectionswere

requiredto allow for the volubilityof helium in methanoland lossesf~om

gas pockets openedduringmachiningand heat treatment.

KINETICSOF TRITIUMMIGRATIONIN Li-Al ALLOY

The rate of migrationof tritiumto the $ phase was measuredby a

secondseriesof testswith 1/4” x 1’!wafers,all cut from the same iidiJteJ

Li-Al alloy slug, then heat-treatedbefore chipswere removedfor sequential

dissolutionand analysis. This techniquereducesgas loss duringheat treat-

ment, so that the resultssummarizedin Table II are probablymore accuratethan

those for heat-treatedchips in Table 1. Both setsof data are plottedin -~

Figure2.

..1
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The linearityof log % tritiumin the o.

7.4 wt % Li wafers (Figure2) indicatesthat

a to the E phase is apparentlya first-order

phasevs heat
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treatmenttime for

of tritiumfrom the

reaction. Valuesof the rate

constantk(min-’)as a functionof temperaturewere computedfromhalf-time:read
2,

from these curvesat 150°, 200°,and 300”c. From a plot Of log k‘VSUT

(“K],the activationenergywas estimatedto be 21 *3 hc=l/mOle.

Metallographicexaminationindicatedthat &phase particles

7.4 wt % Li alloyapproximatedright cylindersof averageradius

in extxuded

r = 6.5 x lo-q

cm, whose axes were alignedwith the longitudinalaxis of the slug,with an

,.. averageedge-to-edgedistanceof ‘v5x 10-4 cm betweencylinders. Values

4!
of the diffusivityD (cm2/see)were calculatedby insertingmeasuredhalf-

.
times t into Fick’sLaw for diffusioninto and out of infinitecylinders

k

of small radius:s

Dt
k— z C.12C
r’

Table III summarizesthese results.

“%%%%ik
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PlottingD vs l/T (“K)and extrapolatingto l/T = O indicatedDo .

5,0 x 10-” cm2/sec. The diffusivityof tritiumin the c.phase can therefore

be representedby D = 5.0 x 10-4 e-21000/RT,where R = 1.986 cal/mole‘K.

Figure 3 showsthat this diffusivityis much lowertham the diffusivity
:.,

of hydrogenfialuminum.s This differencemay indicatethatpart of the

tritiumhas collectedin”submicroscopicholes, reducingthe actual concen-

trationof tritiumin the a phase to a much smalIer quantitywith greatly

differentspecificconstants. Such holes have been observedby electron

microscopyat SRL in irradiatedalloyshaving ‘tgasvolumeratios” (GVR=

cm3 of total gas/cm3of alloy)of 30, and in lowerGVR alloys aftermoderate

heating. If this explanationis true, mathematicalanalysiswould be more

involvedand would requirecurrently unavai1able informationon the amount

and distributionof molecularT2. In any case, the above analysisprovides I

I
at least an empiricalcorrelationof the observed“apparentdiffusivity~~

with temperature.

Althoughthe unexpectedlylow “apparentdiffusivities”for tritiumin

the a phase suggestcautionwhen extrapolatingfrom one system to another,

the migrationkineticsof tritiumcan be estimatedfor Li-Al alloys of

other compositions1 For example,B-phaseparticlesare much smallerand

more closelyspaced (w2 .x10-$cm)in 3.5

migrationhalf-timesestimatedfrom this

wt % Li alloy;Table IV lists

information..

..+H++
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EQUILIBRIUM CONDITIONS FOR ‘[HEEXTRACTION OF HYDROGEN lSOTOPES

The reactionbetweenLiT and aluminum,

LiT + Al + LiAl + 1./2772

is the mechanismfor the releaseof tri.tium when irradiatedLi-Al alloyis heated.*

Figure4 shows that aroundSOO”C,the equilibriumpressureof tritiumfor this

reactionis 300 to 600 times the pressurefor the thermal.decompositionof

pure LiT.10 Tabie V summarizesSRL measuremeritsof equilibriumpressuresof

hydrogen,deuterium,and tritiumas a functionof temperature..,.

Figure S shows the apparatusfor measuringequilibriumpressuresof

hydrogenisotopesin contactwith equimolarmixturesof reactantsprepared

as fine powdersby thermaldecompositionof lithiumal.uminurnhydrides1]

at 220”C,e.g.,

LiAIHk + LiH + Al + 3/Z HZ

Lithiumhydridesand iithiumaluminumhydrideswere identifiedby X-ray

diffraction. Other samples includedI,i-Alalloy containing1.2 or 3.Z

wt % Li.

The reactionmixturewas maintainedat a

equiIibriumwas assumed to have been attained

cOnstantfor one hour. Equilibriumpressures

constanttemperature;

after.the pressureremained

were measuredafter both

increasingand decreasingthe temperatureto the desiredlevel; agreement

was good except at lower temperatureswhere xc-absorptionwas so slow that

equilibration was impractical.
.. . -

.Equilibriumconstantsfo~ the reaction~ith hydrogenwere calculatedas
..

follows:

K . aLiAl~
aLiH ~

.

* Additionof lead has been foundto reduceboth HZ and TZ lossesduring
extractionfrom LiH or LiT, apparentlyby combiningwith condensinglithium
vapors at the cooler tijroatof the furnace,therebypreventing,resorptionof
the hydrogen isotopes.’ Lead flux reducesthe amountof tritiumretainedin
Li-Al alloy residues ‘andpermitsrapid gas evolutionat ~490°C.9
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wherea,.., Hz = equilibriumpressure(mm)/760 mm atmos-1, and where

aLiH = 1.00 was assumedbecauseLiH existsas a separatephase in.,

the binaryA1-Li system.

Severalassumptions

and aLiAl”
First,czLiA1

as a separate6 phase in

are possiblefor the determinationof aAl

mightbe taken as unity,because it exists

the a-phasesolid solutionof Li and Al;

.,

,.,

and aAl
mightbe taken as 1 - aLi, where a is the mole fractionLz

of the Li that is dissolvedin the a phase at saturation,as

computedfrom Figure1.

But Figure6 showsthat the equilibriumhydrogenpressureis

a functionof the hydTogencontentof the Li-Al system (i.e., the

GVR). Thereforeit wouldbe betterto assumethat at high GVR values,

so much Li is convertedto LiH that no LiAl existsas a separateB

phase and even the a phase is not saturatedwith LiAl. Then the

numberof moles of LiAl in the a phase is not determinedby satura-

tion,but ‘isthe number of moles of Li originallypresent less the

amountprecipitatedas LiH. At some intermediateGVR, all LiAl(f!)

has justbeen convertedto LiH, and the.a phase is just saturated

with LiAl. Finally,for all lowerGVR’s,the a phase is saturated

with LiAl, some LiAl is presentin a separateB phase,and a small

amountof LiH has been precipitated.

However,this formulationdoes not fit the experimentaldata too

well. First,the calculatedequilibriumconstantsactuallyvary by

nearlyt50%. Second,if the activityof LiAl remainsconstantas
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long as some LiAl is presentas a separatephase (abovethe satura-

tion curve,Figure1), the hydrogenpressuremust also remain

constant: by the phase rule for 3 components(Li,Al, H) and 4

phases (LiAl+ Al in a phase, LiAl in 6 phase,precipitatedLiH,

and HZ gas),degreesof freedom= C - P + 2 = 3 - 4 + 2 = 1, which

requiresthat the hydrogenpressurebe invariantat any given

temperature.This invarianceis not obseiwedeven at

GVR values (Figure6).

Sincegreaterand greaterpressuresare required

the lowest

to force

additionalincrementsof hydrogeninto’the sample,regardlessof

whetheror not a separateLiAl phase is present,it appearsthat

LiAl behavesas if it were alwaysdissolvedin the a phase (then

C - P + 2 =“3 - 3 + 2 = 2 degreesof freedom,

pressurevariable). This couldOCCUT if the

phasevariedwith the

attackedby hydrogen,

proportional.lylarger

for hydrogento react

size of the LiAl grain.

they become smallerand

temperatureand

activityof the LiAl

As the grainsare

therefore“see” a

quantityof aluminum. Since it is difficult

with lithiumwhen much aluminumis present,

aLiAl decreasesas LiAl grainsbecome smaller.

TableVI showsequilibriumconstantscalculatedaccordingto this

last formulation. For example,in

(density= 2.46 g/cm3)at 375”C,

nil = ‘Al(a) + ‘LiAl(a)= ‘O1es

1 cm3 of 3.2 wt % Li alloy

of free Al + Al in LiAl, in a phase

= (2.46g alloy)(0.968 g A1/g allOY)= 0.0~83
26.98g/moleAl



‘li
= totalnumber of moles of Li

= (2.46g alloy)(0.032g Li/g alloy) = ~ 0113
6.94 g/moleLi

1 .-.
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‘LiA1(a) = ‘Li - ‘LiH

GVR
= ‘;i - 11200cm3/gatom hydrogen

‘LiA1(a)
aLiAl = n =*

LiAl(o.)+ ‘Al(a)

o

= ‘Li - [GVR/l1200)s 0.0113 - (GW11200)

‘“Al 0.0883

‘Al = 1 - aTJiAl

Then sinceaLiH = 1.0(1and ~, = /PH2, atmos,

a.
K=

k--d
_!Q& ~ . ~27 - ‘VR ~ far 3.2 W % Li.alloy.

‘Al

,Similarly,for 1.2 wt % Li alloy,density= 2.58 g/cm3,

nil = 0.0945

.
‘Li = 0.00446

‘~iA1 - (GVR/11200).~
aLiAl =

‘“Al
0.00945

*(.
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aAl = 1 - aLiAl

~ = aLiAl
(~<= 50.0 . G“R)
~oo8 , GVR ~z for 1.2 wt % Li alloy

It may seem inconsistentto assumethat the LiH phase is

completelyseparatefrom the Li + LiAl matrix,whereasthe LiAl

phase is consideredto be dissolved. But LiH is chemicallymuch

more like a salt than a metal and wouldnot be expectedto

dissolvein aluminum. Furthermore,equi1ibriumconstantscomputed

on this basis (TableVI) are

A plot of log K VS I/T,

now constantwithinabout*8%.

Figure7, yieldsthe heat of reaction:

LiH + Al -+LiAl + 1/2 HZ AH = 12 kcal/mole

The heat of formationof LiAl calculatedfrom this value

the heat of formationof LiH 12 is -9.7kcal/mole,which

and from

agrees

fairlywell with a reportedvalue of -13.0i 4.0 kcal/mole.13

Data was insufficientfor similarcalculationsof equilibrium

constantsfor deuteriumand tritium.
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EXTRACTION OF TRITIUM FRO!IIRRADIATEDLITHIUNALUMINATE

In 1966,SRL developeda process

irradiatedLiA102targets.1+ The New

quiredtritium-producingtargetsthat

clad targetswere heatedto ‘u11OO”C.

most suitabletargetmaterial(m.p. =

for the extractionof tritiumfrom

ProductionReactorat Hanfordre-

would not melt even if the zirconium-

Lithiumaluminatewas chosenas the

1900”C)after testsof its irradiation

stability. It had been proposedto extracttritiumfrom decladLiAIOz

targetsby dissolutionin molten borax at 8SO”C. But experimentsat SRL

showedthat tritiumcould be extractedby simplyheatingthe targetsat

850°C in a vacuum for 11 hours, leaving<0.1% of the tritiumifithe residue;

borax flux was not onIy unnecessary,but increasedtritiumlossesto 1-2%.

Typicalgas evolutionrates are shovinin Figure8. Table VII show~~

how tritim lossescan be reducedby proIongedheatingand/orhigher temperatures,..

In these tests,hydrogenisotopeswere separatedfrom other extraction

gasesby HopcaIite*(catalytic oxidizer)and zeolite (waterabsorber)

beds in series,followedby a uraniumbed decompose (Figure9). After

loadingthe furnaceand pumping the systemdown to <50 microns, the furnace

was heated and evolvedgaseswere passed throughthe Hopcalitebed at 500”C

to oxidizehydrogenisotopes. Water vaporswere sorbedon the zeolitebed

at 50”C while remaininggases (mainlyCO, C02, and He) passed throughand were

● Tradenameof Mine Safety AppliancesCo.; 80:20mixtureof NbK3z,CU02.

.
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discharged. After completionof extraction,the zeolitewas heated to .500”C

and the desorbedwater vaporswere passed throughthe uraniumdecompose

bed at 550”C to regenerate the gaseoushydrogenisotopes.

Additionalexperimentsshowedthat the presenced co and COZ equivalent

to 10-30volume % of the tritiumdid not degradethe performanceof the

uraniumdecompose. No CHu was formed,which wouId Iia.vedecreasedthe

permeabilityof the palladiumdiffuserused in subsequentoperationsto

separatehydrogen isotopesfrom.3Heand ‘He; the hydrogenpermeationrate

at 45O°C did not change duringexposureof the palladiumdiffuserto a

mixtureof Hz.,CO, and COZ for >1700 hrt, A Hopcal.ite-zeoJ.ite system to

.1separateCO and COZ from hydrogenisotopesappearsto be unnecessary for a.

full-scaleextraction process. .

.

.

,.
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Uranium
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TABLE I

.

,

DISTRIBUTION OF TRITIUM AND HELIUM IN IRRADIATED Li-Al ALLOY

lwzcv%onof
t7-Phcls&? Fraction of Fraction of

l’otcizTritiwna Total HeZiwn
in a Phase, % in a Phase, %..——

71,.9 83

84.4 89 I

W 2 Li Cktps from Heat l%eabnent .ke.solved
in .4Zloy Slug No. Time, kr. Xmp, ‘C by C7/30&’,%

7.4 1

1

2

2

2

2

1

1

1

3.5 3

4

4

4

None 79.6

None 78.2

None.. 70.4

None 76.2
~

208 77.3

1 3oob 79.2

4 375C -?4.5

4 375e 70.6

4 “ 375C 73.4

None 16.0

None 15.5

None 16.7

1 30s 28.7

85.S

83.4

0,0

0.0

0.0

3.s

3.8

2s

73

84

40

72

76

37

44

74

59

81

93

90

66

,,

a.
b.
c.

Correctedfor incompletedissolutionof ~ phase by CH30H.
Chips heat-treatedafter machining.
Slug heat-treatedbefore machining.
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TABLE II

DISTRIBUTION OF TRITIUN IN

Heat !i’reatment of Vafers
Time; k~ Temp, “C.—

IRRADIATED 7.4 NT % Li ALLOY

Fraction of Totul !7’ritiwn in a Phase of Chips
Machined from Wafers AfterHeat Treatment, %

None

0.25 300

0.25 300

1.0 300

1.0 “’ 200

2.0 200

8.0 150

64 150

64 150

144 150

+&#H=

80

61

60

23

69

60

80

66

64

65



TABLE III

MEASURED MIGRATIONOF TRITIUM FROM ci
TO f3PHASE IN 7.4 WT % Li ALLOY

m-mp, “c Hal f-Time, min Rate ConSt. 1< rein-1

150 26000 2.7 X 10-s

200 290 2.4 X 10”3

300 33 2.1 x 10-2

TABLE IV

PREDICTEO MIGRATION OF TRITIUM FROM a
TO B PHASE IN 3.5 WT % Li ALLOY

Temp. ‘C Es tiimated RaZf-Time, min

150 4500

200 52

300 5.9

I
I

,. . . . . . . ,
L

. .

., .,,,
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.

.

%ffuzivity D, cm2/seo

4.4 x 10-15

‘3.9x 10-13

3.4 x 10-12
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TABLE V

EQUILIBRIUM PRESSURES FOR HYDROGEN , DEUTERIUM, AND TRITIUM
.,

In Contact Temp,
Gas with Qc—

HZ LiH 247
258
287
296
304
342
347
360
382
384
423
424
448
466

. 500
501
502
510
534
548
558
583
586

F??ess,
m-n

12
15
19
21
24
54
40
44
27
60
58
134
84
181
258
248
408
477’
496*
478
497
432
S52

In Contact T~Cp, Press.
Gae with m— .—

D2 LiD 147
178
190
.206
214
215
222
231
253
275
304
354
398
41s
461
492
506
534

TZ Li-Al** 400
45(I
475
500
52s
550
575

* For unirradiated3.5 wt % IiLi-Al alloy,not LiH.

1
2
3
3
4
4
5
6
8

14
34
44
66
71

117
212
289
433

31
123
196
297
438
588
769

.,

,.

** Irradiated 3.5 wt % Li allOY.
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TABLE VI

EQUILIBRIUM CONSTANTS FOR THE REACTION LiH + Al + LiA” + 1/2 Hz

“1
aAl =

1- aLiAl—,

#

Wt % L< Temp, 1000 GVR PE2.
a

<n Al?.ay ‘C T, “x cm3E#cm3’alZoy rrnn ‘H%>aimos aL>AZ——

10
11
12
15
:18
22
27
32
49’
89

i43
160
17s
230,
29s
380
500
640

6
9

.23
67
240

52
80
180
270

140
2(KW

.s30
-/10

0.1147
0.120s
0.1257.
0.1405
0.1539
0.1701
0.188S
0.2052
0.2539
0.3422

0.1260
0.1234
0,,11.84
0.1082
0,.0981,
0.0880
0’0779
0.0678
0,0577
0.0476

0.8740
0.8766.
0.88}.6
0.8918
~,g@@
0.9120.
0.9221
0.9322
0.9423,
0.9S24

O,01,6s
0.0169
0.01.69
0.0171 I
0,0167
0,0164.
0.01.59
0.0149
0.01s5
0!0171

3,2 375 1.543

1.337

1.672

1.s43

1.497

1.364

2.5
s
io
20
30
40
50
60 ~
70
80

2
5
10
20
30
40
50
60

5
10
20
30
40

!5
10
20
2s

5
10

1
3

0.4338
0.4S88
0.4799
0.5501
0.6250
0.7071
0.8111
0.9177

0,.j.26S
O(.1234
0.11.84
0.1082
0,,0981
0.0S80
0.0779
0.0678

0.8735
0.8766
0.8816
0.8918
0.9o19
0.9120
0.9221
0.9322

475 0.0628 ~
0.0646
0.0644 -
.0.0668
0.0678 ‘“
0.0682
0.0685
0,0667

1.2 325 0.0889
0.1088
0.1740
0.2969
0.S620

0.042S’
0.0378
0.0283
0.0189
0.0094

0.9575
0.9622
0.9717
0.9811
0.9906

0.0039
0.0043
0.0051
0.0057
0.0053

37s 0.2616
0.3244.
0.4867
0.S96(3

0.0425
0.0378
(1.0283
0..0236

0.9575
0.9622
0.9717
0..9764

0.0116
0.0127
0.0142.
0.0144

395

460

0.4292
0.s130

0.0425
0..0378

0.9575
0.9622

0.0191
0.0201.

0.8351
0.966S

0,0463
0.0444

0.9537
0.9S56

0.0405
0.0449

a. Hydrogen pressures correspondingto measured GVRfs were read from Figure 6.
.,

.:
. . .
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TABLE VII

TRITIUM LOSS TO THE RESIDUE

LiAZOz Density,
% of Theoretical

88.6

88.6

88.6

79.3

79.3

88.6

79.3

79.3

Extraction Condi tione
Temp, “C Time, hr

650

725

725

750

850

850

8S0

850

900

a. O.64% for targets

11

11

21

11

6

11

11

21

24

% of Total Tritiwn Retiined
in LiA 202 Residue

28

5.2

1.5

0.91,.1.5U

0.32, 0.36, 0.41

0.08

0.14

0.012

0.004

submergedin molten aluminum.
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